The slope of the diffraction peak of elastic p-p scattering at super-high energy is calculated by relating it with the isobar-pionization model for inelastic scattering through van Hove's method and by using the data of Koshiba et al. The calculated value of the slope is not far from the experimental value at the accelerator energy. The pionization process has a very small effect, and the essential role is played by the isobars. § 1. Introduction and summary
§ 1. Introduction and summary
The diffraction peak in high energy elastic scattering was first related by van Hove 1 ) with models for inelastic scattering through the unitarity condition of S matrix. He discussed the problem qualitatively by using the uncorrelated-jet model. This approach was extended to other models by Iso and Fukuda. 2 ) Their important result is that the calculated value of the slope of the diffraction peak is unreasonably small if the momentum dependence of the wave funetions of emitted particles and the correlation among secondary particles are neglected. They studied the correlation by the fireball model and the hydrodyna:mical model and found that the diffraction peak given by the latter is steep enough but the former is not. The recent observation by Koshiba and his collaborators 3 ) of the particles multiply produced in cosmic ray suggests another kind of correlation. Their result can be explained in terms of the isobar-pionization modeP) as shown in the next section, and has the distinctive feature that a pair of new isobars, alephs, are emitted in the direction of the incident proton. The transverse momenta of the particles, which is considered to be the decay products of the isobar, are extremely small. The smallness of the ratio of the transverse momenta of pions to their longitudinal momenta is assumed in van Hove's approach, and the most effective contribution to the diffraction peak comes from the secondary particles which have the smallest value of the ratio. Therefore, in the isobar-pionization model the decay products of the isobar would play an essential role, because the pions which come from the pionization process emerge nearly isotropically. These properties can offer a kind of correlation among the secondary particles. *) A preliminary version of this work was reported at the Annual Meeting of the Phys. Soc. of Japan, April 1968.
In this article we calculate the slope of the diffraction peak of elastic P-P scattering at super-high energy by relating it with the isobar-pionization model for inelastic scattering through van Hove's method, and by using the data of Koshiba et al. ( § 3) . We accept the property of their experimental results mentioned above as they stand, and do not ask whether the isobar does really exist and why isobars are produced mainly in the direction of the incident proton. The isobar-pionization model was studied also by Bialas, 5 ) but they did not assume that isobars are produced mainly in the direction of the incident proton.
Our conclusion is as follows. The effect of the pionization process on the value of the slope is very small. The argument by van Hove that the largeness of the number of the secondary pions and the anisotropy of the momentum distribution of these pions are the origin of the diffraction peak does not work in our model. In our model the dominance of the isobar term comes from the smallness of the average transverse momenta of the isobar, namely from the fact :'the isobars are produced mainly in the direction of the incident proton. The calculated value of the slope is nearly equal to the value in the accelerator energy regiOn. § 2. Summary of properties of the new isobar
In this section we give a summary of the experimental results of Koshiba et al.
3
) in terms of the "isobar-pionization model ".
)
This model can be illustrated as in Fig. 1 : Both initial protons are excited into isobars which carry away a considerable amount of the total energy. The rest of the energy is consumed to produce many pions. The latter process is called the "pionization" process. The momenta of the pions produced in this process are smaller in absolute value than those of the isobars, and their angular distribution is nearly isotropic. By these properties such pions may be discriminated from those which are the decay products of the baryon isobars.
Koshiba et al. observed the particles in the large nuclear emulsion stack hit by cosmic ray protons with the momenta in the laboratory system 10 
Mesons

I) Pions from the pionization process
There is a group of pions whose angular distribution is roughly isotropic and which can be regarded as being produced in the pionization process. Strictly speaking, they are not isotropically distributed, and the structure can be understood as follows: They are ejected i$otropically from two fireballs 
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tering angle in the center-of-mass system, we can use the powerful approximation devised by van Hove. Though the starting-point of our discussions is Eq. (3 · 7) , we present the whole argument for completeness of the article and for clarification of the notations. It is summarized in the equation for the absorptive part of the T-matrix element between an initial two-proton state lk, -k) and a final two-proton state lk', -k') where the left-hand side is defined by
Further the function F(k, ()) is the "overlap function" for the wave function of the states I f(k)) and I f(k') ),
and depends on the scattering angle in the center-of-mass system, (3·6) At this stage we can introduce the isobar-pionization model to calculate the elastic scattering amplitude by writing the state I f(lr)) as
The operators A* (q) and B* (q) are the creation operator of the pion and the isobar, respectively;
Further r is a constant, g (k, q) and h (k, q) are the single particle wave function of the pion and the isobar, and N(k) is the number of the pions emitted through pionization process. We may say that the model is settled by Eq. (3 · 7). Then Eq. (3 · 6) can be written as
where c is a coefficient independent of B, and q, For the function h (k, q) and g (k, q), first we assume that they do not depend on k and that they are normalized scalar functions. Then we can write and where
The last expressions are written for small B value. Then Eq. (3 · 8) becomes a=-(Na+2a').
Equation (3 ·15) is the usual parametrization of the differential cross section for elastic scattering by the slope of the diffraction peak.
In order to calculate the parameters a and a', we have to make several assumptions about the one-particle wave functions h (k, q) and g (k, q). They are as follows: 1) The longitudinal momentum and the transverse momentum distribution are uncorrelated:
where qL= (q·k)/k and qt= v'/q/ 2 -=:.qL~ further we normalize them as (3 ·17) (3 ·18) This approximation comes from the observation that the expectation value of the transverse momentum is constant over a wide range of energy.
2) The phase of g (k, q) and h (k, q) are independent of k.
Then the parameter a can be calculated as (3 ·19) 
The meaning of <p~, 2 )"' and <p~, 2 )I ( <Pt Unless the functions g~,, h~,, gt and ht vary rapidly with increasing q~, and qt, respectively, the parameters x and y will be of order one, as illustrated in the Appendices. From the experimental facts, <Pt
2 )"'rv<P 
Owing to the experimental results the expectation value of the transverse momentum is constant over a wide range of energy, the k dependence of a is determined by the factor <P/)r/k 2 , which is related to the inelasticity. The energy dependece of the slope of the diffraction peak is not the subject of this article, and the functions hl (ql) and ht (qt) can remain arbitrary, except the assumption that they are slowly varying functions in order to have the characteristic properties such as shown in Eq. (3 · 26).
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